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EXECUTIVE SUMMARY

This research work has been supported by the DOE-FIU Science & Technology Workforce
Development Initiative, an innovative program developed by the U.S. Department of Energy’s
Office of Environmental Management (DOE-EM) and Florida International University’s Applied
Research Center (FIU-ARC). During the summer of 2025, a DOE Fellow intern, Chloe McGuire,
spent 10 weeks doing a summer internship at Drummond Carpenter, PLLC, under the supervision
and guidance of Chad Drummond, Dr. Joshua Davis, and Olivia Bustillo. The intern’s project was
initiated on June 6, 2025, and continued through August 8, 2025.

The project builds upon the base case performance assessment (PA) model for the Environmental
Management Disposal Facility (EMDF), an on-site waste disposal facility (OSWDF) at the Oak
Ridge Reservation (ORR) in Tennessee. Developed by the Oak Ridge Office of Environmental
Management (OREM), EMDF is designed to isolate low-level radioactive waste (LLW) and
hazardous LLW materials. The PA defines a conceptual site layout that includes engineered
barriers such as a clean soil cover, a contaminated waste zone, and underlying unsaturated and
saturated zones. A resident-farmer exposure scenario is assumed, in which groundwater from a
local well is used for drinking, irrigation, and livestock, and contaminated crops, meat, and milk
may enter the human food chain. The base case model, implemented in RESRAD-OFFSITE
(RROS), serves as the benchmark for evaluating long-term radionuclide migration and potential
dose to future receptors, ensuring compliance with DOE Order 435.1 performance objectives.

Three radionuclides of concern—C-14, 1-129, and Tc-99—are central to this analysis. These
isotopes are particularly relevant because of their long half-lives, environmental mobility, and
significance in DOE waste streams. In the base case model, radionuclide transport is simulated
through multiple pathways, including groundwater, surface water, and bioaccumulation into food
products, including ingestion of meat, milk, and plants.

The objective of this internship project was to evaluate two key parameter updates for the base
case RROS model: distribution coefficients (Kds) for C-14, 1-129, and Tc-99, which control
radionuclide sorption and migration; and meat transfer factors (TFs) for I-129 and Tc-99, which
govern accumulation in livestock consumed by humans. Updated Kds were provided by from field
and laboratory studies. For 1-129 and Tc-99, meat TFs utilized an updated, Kd-dependent,
formulation to account for varying uptake pathways.

By comparing updated results to the base case, the analysis shows how changes in Kd and TF
values can shift both the timing and magnitude of dose projections. I-129 remained the dominant
contributor due to its mobility and persistence, Tc-99 showed earlier but smaller contributions, and
C-14 was notably reduced over the compliance period. Overall, the results confirm that the doses
and soil guidelines outlined in the PA (and associated site documents) are conservative and
protective of human health.
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1. INTRODUCTION

The U.S. Department of Energy (DOE) manages large volumes of radioactive and hazardous waste
that were generated over decades of nuclear weapons production, energy research, and
environmental cleanup activities. Safe disposal of these materials is critical to DOE’s mission of
protecting human health and the environment for current and future generations. Because many
radionuclides of concern have half-lives spanning thousands to millions of years, DOE facilities
must demonstrate that waste remains isolated far beyond the operational lifespan of engineered
barriers.

To ensure compliance with regulatory requirements, DOE Order 435.1, Radioactive Waste
Management, mandates the preparation of a PA for OSWDFs. The PA evaluates long-term
radiological risks by simulating radionuclide migration through soil, groundwater, and surface
water, and by estimating potential doses to hypothetical future receptors. These assessments rely
heavily on conceptual site models that incorporate engineered barriers, geologic features, and
environmental pathways.

In the base case PA model used for this work, the disposal facility is capped with a multi-meter
clean soil cover that reduces infiltration and erosion. Beneath the cover lies the contaminated waste
zone, underlain by an engineered liner system designed to limit downward migration, followed by
the unsaturated zone and a saturated aquifer. Surrounding the ORR are agricultural and residential
areas that form the basis for the hypothetical future “resident farmer” exposure scenario, where
contaminated water is used for irrigation and livestock, and where crops, meat, and milk become
pathways of exposure (see Figure 1 for site layout). Performance of the EMDF is measured against
DOE Order 435.1 dose limits, which stipulate that the annual dose to a member of the public must
not exceed 2.50x10' mrem/yr, while inadvertent intruder scenarios must remain below 1.00x10?
mrem/yr (chronic) or 5.00x10> mrem (acute).
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Figure 1. Site map showing approximate location of waste footprint, dwelling, and agriculture fields
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Central to the accuracy of the PA model are parameter values that describe how radionuclides
interact with the environment. Two classes of parameters are particularly important:

e Distribution coefficients (Kds):
These values describe how radionuclides partition between soil and water. A higher Kd
indicates stronger sorption to soil, slowing migration, while a lower Kd reflects high
mobility in groundwater.

o Transfer factors (TFs):
These describe how radionuclides accumulate in plants, milk, and meat, thereby linking
environmental contamination to ingestion pathways in humans.

For this internship project, the focus was on three radionuclides of concern in DOE waste
streams: carbon-14 (C-14), iodine-129 (I-129), and technetium-99 (Tc-99).

e Carbon-14 (C-14)
C-14 has a half-life of 5.73x10° years and is important because of its mobility in both
inorganic and organic species, as well as its ability to accumulate in biological systems.

e Jodine-129 (I-129)
[-129 has an extremely long half-life of 1.57x107 years and is highly mobile in
groundwater, making it a dominant driver of dose in many DOE PA models.

e Technetium-99 (Tc-99)
Tc-99 has a half-life of 2.13x10° years and exists predominantly as the pertechnetate anion,
which is weakly sorbed to soil and highly mobile in aquifers.

These radionuclides were chosen because they were the principal contributors to dose in the base
case model during both the 1.00x103-year compliance period and the extended 1.00x10*-year
simulation period. They are also highly sensitive to model parameterization, making them effective
indicators of system response to updated inputs. Kds for each radionuclide were updated using
site-specific laboratory measurements of EMDF subsurface materials to more accurately represent
in-situ sorption behavior. Variations in Kd can alter radionuclide migration rates by several orders
of magnitude, while corresponding updates to TFs directly affect ingestion pathway doses.
Together, these parameters govern the magnitude and timing of receptor exposure and provide a
more realistic assessment of site performance.

The objective of this internship project was to evaluate potential key parameter values in the base
case PA model, focusing on Kds for C-14, [-129, and Tc-99. Because TFs are a function of Kds,
the composite meat TFs for these radionuclides were recalculated in parallel with the updated
sorption data. The revised parameters were evaluated for their impact on predicted dose, risk,
and soil guideline estimates using RROS. By comparing the updated results to the original base
case outputs, the analysis assessed whether the PA assumptions remain conservative with respect
to human health. This sensitivity evaluation supports DOE’s broader objective of ensuring that
radionuclide migration projections are robust, scientifically defensible, and consistent with the
performance objectives outlined in DOE Order 435.1.
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2. RESEARCH DESCRIPTION

Conceptual Site Model

In the base case, the disposal facility is represented as a waste cell capped with a multi-meter clean
soil cover. Beneath this cover lies the contaminated waste zone, which contains the radionuclide
inventory and serves as the source term. Below the contaminated waste zone is the engineered
liner system, followed by the unsaturated zone through which leachate percolates until it reaches
the saturated zone, modeled as a regional aquifer. The aquifer then provides the transport pathway
to a downgradient well used by a resident farmer, illustrated in Figure 2.

The surrounding land is subdivided into agricultural and residential use areas. Fields designated
for grains, fruits, and leafy vegetables are located within several hundred meters of the disposal
footprint, and a surface water body is situated downgradient of the facility. Pasture and silage plots
provide forage for livestock, and grain fields supply additional feed. A dwelling site north of the
facility represents the location of the receptor household. This arrangement enables radionuclides
released from the disposal cell to migrate into soil, groundwater, and surface water, eventually
accumulating in plants and livestock and entering the human food chain.
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Figure 2. Typical conceptual site model for RESRAD-OFFSITE

Modeling Framework

The modeling platform used was RROS v3.2, a radiological assessment code developed by
Argonne National Laboratory. RROS calculates doses to receptors by simulating the transport of
radionuclides through environmental media and applying pathway-specific exposure equations.
Figure 3 illustrates the pathways considered in the model which include direct ingestion of
contaminated water; consumption of plants, meat, milk, and fish; incidental soil ingestion;
inhalation of airborne particulates; and external exposure to contaminated soil. The model also
accounts for radionuclide decay, ingrowth of progeny, and time-dependent degradation of
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engineered barriers, providing a comprehensive framework for evaluating long-term radiological
risks.

The base case inputs are structured to represent conservative but realistic conditions. The
engineered cover is assumed to function effectively for two centuries, after which infiltration
begins to mobilize contaminants. All water consumed by the receptor is assumed to originate from
the contaminated well, and all agricultural and livestock products are assumed to be sourced from
within the contaminated footprint. These assumptions ensure that exposure pathways remain
internally consistent and maximize the likelihood of capturing peak dose contributions over the
1.00x10*year modeling horizon.

Source Human Exposure
(EMDF)
» Immersion
A 4
Groundwater Water
| Ingestion
Fish >
| [ Milk 2
Surface Water » Livestock < FOO":’
I Meat » Ingestion
4 Plants w
Soil 1
» Inhalation
External
Soil
_ ) Ingestion
Radionuclide Transport Pathways (incidental)

Figure 3. Potential RESRAD-OFFSITE exposure pathway

Parameter Updates

e Kds:
In the base case, Kd values were primarily based on literature values, often site-specific
literature values. Updated Kds are based on new, higher-quality site-specific laboratory
measurements that supersede the earlier data. These revised values were substituted for
the waste zone, saturated zone, and saprolite and bedrock zones to better capture
expected sorption behavior under site-representative conditions. Following the methods
of the PA, a 50% Kd for the waste zone relative to the Kd of the saprolite and bedrock
zones was used. Baseline and updated Kd values are summarized in Table 2.
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« TFs:
RROS only allows a definition of a single meat transfer factor. Due to this, a composite
meat TF was developed as part of a supplemental analysis to more accurately represent
the combined consumption of beef, poultry, and eggs assumed under the resident-farmer
scenario. The composite formulation accounts for the approximately two-order-of-
magnitude difference in fodder and water ingestion rates between cattle and poultry,
which the previous TFs did not capture, and which led to overestimation of radionuclide
doses. The base case then used this composite meat, poultry, and egg transfer factor with
individual contributions based on Staven et al. (2003). Since meat TFs are a function of
Kd, changes in sorption behavior inherently affect livestock uptake. Thus, when the Kds
were updated with the new site-specific data, the composite TFs for [-129 and Tc-99
were recalculated using the same governing equation shown in Figure 4, with variables
and units summarized in Table 1. Although the conservative factor is not displayed in
Figure 4, a 2% conservatism was applied in accordance with the supplemental formulation
to ensure protective TF estimates. This recalculation produced substantially lower TFs for
[-129 and Tc-99 relative to the original composite values, while the C-14 meat TF
remains fixed in RROS and could not be adjusted. Baseline and updated TF values are
summarized in Table 3.

TFr= [lsTFaliy + iaKaBy)1 / [Irlit + inKdBy)] +
16T Ealipy, + ietKaBy)]1 / [rling + inkaBy)] +
1T Feliey, + iptKaBy)] / [Hrling + iKaBy)]

Figure 4. Equation for the composite meat transfer factor calculation
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Table 1. Variables and units for the composite meat transfer factor calculation

Symbol Definition Units
TFr Total Transfer Factor for the Livestock (pCi/kg)/(pCi/d)
I, Ip, IE Receptor Ingestion Mass for beef, poultry, and eggs (kg/d)
TFg, TFp, TFg Transfer factors for beef, poultry, and eggs (pCi/kg)/(pCi/d)
1BW, 1PW, Water intake rates for beef cattle, poultry, and total (L/d)
1IEW iTw livestock
1Bf, 1pPfy 1EFf, ITF Fodder intake rates for beef cattle, poultry, and total (kg/d)
livestock
Kq Solid-Aqueous Partition Coefficient for Agricultural Soil (mL/g)
B, Soil to Fodder Concentration Ratio (pCi/g])/[pCi/g)
It Total Receptor Ingestion Mass for the Livestock (kg/d)

Table 2. Baseline and updated distribution coefficients for radionuclides of interest

Radionuclide | Baseline Kd (mL/g) | Low Kd (mL/g) | High Kd (mL/g)
C-14 0.0E+00 1.0E+00 2.0E+00
1-129 4.0E+00 8.0E+00 1.8E+01
Tc-99 7.2E-01 1.6E+00 6.5E+02

Table 3. Baseline and updated meat transfer factors for radionuclides of interest
Radionuclide Baseline TF Low Kd TF High Kd TF
(pCi/kg)/(pCi/d) | (pCi/kg)/(pCi/d) | (pCi/kg)/(pCi/d)
C-14 1.05E-02 1.05E-02 1.05E-02
1-129 7.63E-01 5.79E-02 5.69E-02
Tc-99 5.03E-01 5.12E-03 3.07E-03

Simulation Design

Four sets of model runs were carried out under this internship effort. The baseline simulation
retained all original default parameter values, while the updated simulations incorporated the
revised Kds and meat TFs. All scenarios were simulated over a 1.00x10%-year post-closure
period, with results recorded for total dose, risk, and single-radionuclide soil guidelines (SRSGs)
values. By holding all other parameters constant, the analysis isolates the impact of these
targeted modifications on the timing and magnitude of dose projections.

RROS outputs included time-dependent dose curves, calculated risk metrics, and SRSGs,
offering multiple lines of evidence for sensitivity evaluation. These results were used to assess
whether updated Kds accelerate or delay peak dose, whether updated TFs increase the
contribution of ingestion pathways, and whether the overall dose profile approaches or exceeds
compliance thresholds established under DOE Order 435.1.

11
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3. RESULTS AND ANALYSIS

The results of this study illustrate the influence of Kds and TFs on radionuclide behavior within
the base case PA framework. Outputs were evaluated in terms of projected dose, risk, and soil
guideline comparisons, each providing complementary insights into the sensitivity of model
outcomes to parameter updates.

Dose Results
Dose results were evaluated for the base case, low Kd, and high Kd scenarios (see Table 4).

e C-14: Peak dose occurred at 1.03x10° mrem/yr in the base case at approximately
4.90x10? years, within the 1.00x103-year compliance period. With updated Kds, the peak
dose decreased to 2.09x10~! mrem/yr at 1.61x103 years in the low Kd case and 1.07x10"!
mrem/yr at 2.66x10° years in the high Kd case, both occurring beyond the compliance
period in the extended 1.00x10%year simulation period. These reductions show strong
sensitivity to sorption and indicate that higher Kd values delay radionuclide transport and
lower early-time exposures (see Figure 5).

e [-129: 1-129 dominated total dose for the base case and low Kd simulations, producing a
peak of 9.13x10° mrem/yr at approximately 5.08x10? years in the base case—well
beyond the 1.00x103-year compliance period. Under the high Kd condition, the peak dose
decreased to 4.43x1072 mrem/yr at roughly 1.00x10* years, also occurring in the extended
1.00x10%*-year simulation period. During the compliance period, [-129 doses were several
orders of magnitude lower than base case values, confirming negligible contribution to
total dose within the regulatory timeframe (see Figure 6).

e Tc-99: Peak dose occurred at 9.50x10~" mrem/yr in the base case at approximately
1.70x10? years, just beyond the 1.00x103*-year compliance period and decreased to
6.32x107" mrem/yr in the low Kd case at 2.58%10? years, within the extended 1.00x10%-
year simulation period. For the high Kd condition, Tc-99 doses were effectively not
observed over the simulation period, confirming a negligible contribution within the
compliance period (see Figure 7).

All radionuclides were highly sensitive to the new site-specific laboratory Kd values. For the
1.00x103-year compliance period, the new Kds reduced doses by approximately two orders of
magnitude for the low Kd simulations and up to eight orders of magnitude for the high Kd
simulations relative to the base case. [-129 is the dominant contributor for the base case and low
Kd scenarios, whereas for the high Kd simulations, C-14 becomes the primary contributor over
the 1.00x10%year period. These results confirm that the updated site-specific Kd data
demonstrate greater sorption, delayed peaks, and lower compliance-period doses, indicating that
the EMDF performance assessment remains conservative and protective.

12
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Table 4. Dose values for C-14, 1-129, and Tc-99 under base case, low Kd, and high Kd scenarios
Base Case Low Kd High Kd
Radio Kd Peak | Time of | Kd Peak Time of | Kd Peak Time of
nuclid | (mL/ | Dose Peak | (mL/ | Dose Peak (mL/ | Dose | Peak Dose
e g) (mrem/ | Dose g) | (mrem Dose g) | (mrem (Yrs)
y1) (Yrs) /yr) (Yrs) /yr)

C-14 | 0.0E+ | 1.0E+0 | 490E+ | 1.0E | 2.1E- | 1.61E+03 | 2.0E | 1.1E- | 2.66E+03
00 0 02 +00 01 +00 01

I-129 | 4.0E+ | 9.1E+0 | 5.08E+ | 8.0E | 4.8E+ | 9.26E+03 | 1.8E | 4.4E- | 1.00E+04
00 0 03 +00 00 +01 02

Tc-99 | 7.20E | 9.5E-01 | 1.70E+ | 1.6E | 6.3E- | 2.58E+03 | 6.5E | 0.0E+ | 0.00E+00
-01 03 +00 01 +02 00

Dose C-14 Summed
1.20E+00

9.60E-01

7.20E-01
® High Kd

4.80E-01 ® Base Case

® Low Kd

Pathways Summed

2.40E-01

0.00E+00
0.00E+00 2.00E+03 4.00E+03 6.00E+03 8.00E+03 1.00E+04
Years

Figure 5. Projected dose from C-14 under base case, low Kd, and high Kd scenarios
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Dose I-129 Summed

1.00E+01
= 8.00E+00
)
g
E 6.00E+00
2 @ High Kd
g 4.00E+00 ® Base Case
=
E ®Low Kd

2.00E+00

0.00E+00

0.00E+00 2.00E+03 4.00E+03 6.00E+03 8.00E+03 1.00E+04

Years

Figure 6. Projected dose from I-129 under base case, low Kd, and high Kd scenarios

Dose Tc-99 Summed
1.00E+00

8.00E-01

6.00E-01
® High Kd

4.00E-01 ® Base Case
® Low Kd

Pathways Summed

2.00E-01

0.00E+00
0.00E+00 2.00E+03 4.00E+03 6.00E+03 8.00E+03 1.00E+04

Years

Figure 7. Projected dose from Tc-99 under base case, low Kd, and high Kd scenarios

Risk Results

Risk results were evaluated for the base case, low Kd, and high Kd scenarios (see Table 5).

C-14: Peak risk occurred at 2.13x107° in the base case at approximately 4.80x10? years,
within the 1.00x103-year compliance period. With updated Kds, the peak risk decreased
to 4.27%107¢ at 1.60x10° years in the low Kd case and 2.17x107¢ at 2.60%103 years in the
high Kd case, both occurring beyond the compliance period in the extended 1.00x10%-
year simulation period. This shift indicates that increased sorption not only lowers early-
time exposure but also delays peak risk outside the compliance window, demonstrating
improved long-term containment performance (see Figure 8).
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e [-129: 1-129 dominated total risk for the base case and low Kd simulations, producing a
peak of 9.25x107° at approximately 5.07x10° years in the base case—well beyond the
1.00x10%*-year compliance period. Under the high Kd condition, the peak risk decreased
to 4.48x1077 at around 1.00x10* years, also occurring in the extended 1.00x10*-year
simulation period. Because all peaks occur after the compliance period, I-129 contributes
negligibly to total risk within the regulatory window, further demonstrating the
conservatism of the PA model (see Figure 9).

e Tc-99: Peak risk occurred at 2.36x107° in the base case at approximately 1.68x10? years,
slightly beyond the 1.00x103-year compliance period and decreased to 1.57x107° in the
low Kd case at 2.57x10? years, within the extended 1.00x10*-year simulation period.
Under the high Kd condition, Tc-99 risks were effectively not observed throughout the
simulation period, indicating that increased sorption eliminated contributions. Overall,
Tc-99 poses negligible risk within the compliance period (see Figure 10).

All radionuclides showed clear sensitivity to the updated site-specific Kd values in the risk
calculations. Across the low and high Kd simulations, peak risks decreased and shifted farther into
the extended 1.00x10%year simulation period, effectively reducing contributions within the
1.00x10*-year compliance window. For C-14, updated Kds lowered peak risk values and moved
the maximum beyond the compliance period. 1-129 peak risks—already occurring several
thousand years after closure—were further reduced under the high Kd condition, confirming
negligible contribution to compliance-period risk. Tc-99 risks were substantially reduced in both
updated cases; high Kd conditions eliminated contributions altogether. Collectively, the updated
Kds increased radionuclide retention, delayed peak risks, and lowered overall projected impacts,
reinforcing that the EMDF Performance Assessment remains conservative and protective.

Table 5. Risk values for C-14, I-129, and Tc-99 under base case, low Kd, and high Kd scenarios

Base case Low Kd High Kd
Radio | Kd | Peak Time of Kd | Peak Time of Kd | Peak Time of
nuclid | (mL/ | Risk | Peak Risk | (mL/ | Risk | Peak Risk | (mL/ | Risk | Peak Risk
S g) (Yrs) g) (Yrs) g) (Y1s)
C-14 | 0.0E | 2.1E | 4.80E+02 | 1.0E | 43E | 1.61E+03 | 2.0E | 2.2E | 2.66E+03
+00 | -05 +00 | -06 +00 | -06
I-129 | 4.0E | 9.3E | 5.07E+03 | 8.0E | 4.8E | 9.24E+03 1.8E | 4.5E | 1.00E+04
+00 | -05 +00 | -05 +01 | -07
Tc-99 | 7.2E | 24E | 1.69E+03 1.6E | 1.6E | 2.57E+03 | 6.5E | 0.0E | 0.00E+00
-01 -05 +00 | -05 +02 | +00
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Figure 8. Projected risk from C-14 under base case, low Kd, and high Kd scenarios
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Figure 9. Projected risk from I-129 under base case, low Kd, and high Kd scenarios
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Figure 10. Projected risk from Tc-99 under base case, low Kd, and high Kd scenarios
Soil Guideline Comparisons

Single-radionuclide soil guideline (SRSG) values, which define allowable soil concentrations for
compliance, were calculated for the base case, low Kd, and high Kd scenarios. These SRSGs are
dose based values for the 1.00x10%*-year compliance period, determined by RROS using the
2.50%10" mrem/yr public-dose limit. In this approach, RROS calculates the initial soil
concentration that would result in a 2.50x10" mrem/yr dose to a receptor. SRSG values are
provided in Table 6 for reference.

e (C-14: The minimum SRSG increased from 1.32x10' pCi/g in the base case to 7.28x10?
pCi/g for the low Kd case and 4.71x10® pCi/g for the high Kd case, reflecting stronger
retention of C-14 in soils with higher sorption (Figure 11).

e [-129: The base case SRSG was 1.75%108 pCi/g, remaining essentially unchanged across
all scenarios because it reached the specific-activity limit, the maximum physically
possible concentration for a radionuclide based on its atomic mass and decay rate (Figure
12).

e Tc-99: The SRSG increased from 3.80%10? pCi/g in the base case to 1.15x107 pCi/g in
the low Kd case and 1.70x10' pCi/g in the high Kd case, also reaching the specific-
activity limit (Figure 13).

Higher Kd values produced less restrictive SRSGs for C-14 and Tc-99 because radionuclides are
more strongly retained in soil, while I-129 values remained nearly constant due to its high
mobility in groundwater. Overall, these results indicate that increased sorption reduces potential
exposure and supports the conservatism of the EMDF performance assessment.
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Table 6. SRSG values for C-14, I-129, and Tc-99 under base case, low Kd, and high Kd scenarios

Base case Low Kd High Kd
Radionuclide | Min SRSG (pCi/g) | Min SRSG (pCi/g) | Min SRSG (pCi/g)
C-14 1.32E+01 7.28E+02 4.71E+08
I-129 1.75E+08 1.75E+08 1.75E+08
Tc-99 3.80E+02 1.15E+07 1.70E+10
Soil Guideline C-14 Summed
5.00E+12

1ne

4.00E+12 .
®

g 3.00E+12
5 ® High Kd
= 2.00E+12 ® Base Case
S o
‘ ®Low Kd
1.00E+12
0.00E+00

0.00E+00 2.00E+03 4.00E+03 6.00E+03 8.00E+03

Years

1.00E+04

Figure 11. Projected SRSG for C-14 under base case, low Kd, and high Kd scenarios
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Soil Guideline I-129 Summed

0.00E+00 2.00E+03 4.00E+03 6.00E+03 8.00E+03
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Figure 12. Projected SRSG for I-129 under base case, low Kd, and high Kd scenarios
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Soil Guideline Tc-99 Summed
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Figure 13. Projected SRSG for Tc-99 under base case, low Kd, and high Kd scenarios
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4. CONCLUSION

Updated site-specific Kd values and their associated composite meat transfer factors were
incorporated into the RROS framework to evaluate how new EMDF laboratory data influence
radionuclide transport, dose, risk, and soil guideline calculations. The new Kds—derived from
higher-quality site-specific measurements completed after the PA—were applied across all
subsurface zones following PA methodology. Because the composite meat TF is Kd-dependent,
updating the Kds resulted in revised TF values for I-129 and Tc-99, while the C-14 TF remained
unchanged due to its fixed value in RROS.

Across all radionuclides evaluated, the updated Kds resulted in substantial reductions in peak
dose and peak risk and delayed radionuclide breakthrough relative to the base case. For dose, the
new Kds reduced compliance-period impacts by approximately two orders of magnitude in the
low Kd simulations and up to eight orders of magnitude in the high Kd simulations, with all peak
doses shifting far outside the 1.00x10%-year compliance window. Risk results followed the same
directional trends: peak risks decreased under the updated sorption conditions, shifted later in
time, and contributed negligibly within the compliance period. High Kd conditions eliminated
risk contributions for one radionuclide entirely. Collectively, these trends demonstrate that the
new, higher-quality sorption data reflect stronger radionuclide retention, slower migration, and
lower early-time impacts than previously modeled, indicating that the original PA assumptions
were conservative.

The updated sorption behavior also influenced the SRSG values. For C-14 and Tc-99, stronger
sorption produced substantially less restrictive SRSGs, reflecting the reduced soil concentrations
that would be required to meet the 2.50%10' mrem/yr performance objective. I-129 SRSGs
remained unchanged across all scenarios because they reached the specific-activity limit—the
maximum physically allowable concentration—and therefore could not increase further. When
evaluated alongside dose and risk reductions, the SRSG outcomes further reinforce that the
updated Kds represent stronger retention and lower compliance-period impacts than assumed in
the PA.

Overall, integration of the new site-specific Kd values and updated composite meat transfer
factors demonstrates that the EMDF Performance Assessment remains conservative and
protective. The updated data support lower modeled dose, lower modeled risk, and higher
permissible soil concentrations within the compliance period while pushing peak impacts farther
into the extended simulation horizon. These findings confirm that the PA’s original assumptions
were conservative and that the new, higher-quality laboratory measurements strengthen
confidence in the long-term performance of the EMDF.
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